Introduction: Hypertension in pregnancy plays a key role in perinatal morbidity and mortality. This study aims to analyze maternal and perinatal outcomes associated with hypertension in pregnant women.
Hypertensive disorders of pregnancy occur in 5-10% of pregnancies and represents one of the main causes of maternal and perinatal morbidity and mortality. The most important of these disorders is preeclampsia (PE), which affects approximately 3% of pregnant women 1 . In our setting, a study conducted by Vettorazzi et al. in Porto Alegre, state of Rio Grande do Sul, found that 6.7% of primiparous mothers had mild PE and 2.9% had severe PE 2 .
The present study classifies hypertension in pregnancy into four categories 3, 4 : PE alone; chronic hypertension; chronic hypertension with superimposed PE; and gestational (transient) hypertension. Chronic hypertension is defined as high blood pressure (BP) known to predate gestation or detected before 20 weeks of gestation. Conversely, later-onset hypertension is classified according to proteinuria: gestational hypertension is diagnosed in the absence of proteinuria, i.e., when 24-hour excretion does not exceed 300 mg in 24 hours or protein/creatinine ratio does not exceed 3.0 mg/dL; whereas PE is diagnosed in the presence of proteinuria, i.e., when 24-hour excretion exceeds 300 mg in 24 hours or protein/creatinine ratio exceeds 3.0 mg/dL. PE may overlap with chronic hypertension, characterizing a condition known as chronic hypertension with superimposed PE. In the absence of proteinuria, Perinatal outcome and severity of preeclampsia PE is defined as hypertension occurring in association with platelet count less than 100,000 mm 3 , serum creatinine ≥ 1.1 mg/dL or doubling of serum creatinine in the absence of other renal disease, elevation of liver enzymes to twice the normal concentration, pulmonary edema, cerebral edema, and/or visual disturbances 4 . PE, HELLP syndrome (acronym for hemolysis, elevated levels of liver enzymes, and low platelet count), and eclampsia (PE accompanied with seizures) represent increasing severities of the spectrum of hypertensive disorders of pregnancy 1 . PE may also lead to fetal growth restriction, prematurity, abruptio placentae, and, in more severe cases, maternal and fetal death 3, 5 . HELLP syndrome, a serious complication of PE characterized by hemolysis, elevated liver enzymes, and low platelet count, occurs in 0.5-0.9% of all pregnancies and in 10-20% of cases with severe PE 6, 7 . Additionally, it is a progressive disease leading to severe complications and is strongly associated with maternal mortality 8 . Among hypertensive disorders of pregnancy, PE is the one posing the greatest risk for mortality, especially in its severe form or when occurring before 34 weeks' gestation 9 . Maternal recovery from PE is initiated only after delivery 10 . In cases of chronic or gestational hypertension, there were no significant differences in the risk of pregnancy loss, high-level neonatal care, or overall maternal complications among women assigned to tight control of hypertension (target diastolic BP, 85 mmHg) vs. those assigned to a less-tight control (target diastolic BP, 100 mmHg). However, less-tight control was associated with a significantly higher frequency of severe maternal hypertension 11 . In pregnant women with chronic hypertension, antihypertensive treatment was found to reduce the risk of severe hypertension 12 . Hypertension is one of the leading causes of maternal death in several countries. A recent systematic analysis 13 revealed that it is the second leading cause of maternal death worldwide (14.0%), after hemorrhage (27.0%) and before sepsis (10.7%). Overall, 10 to 15% of direct maternal deaths are associated with PE and eclampsia in developing countries 14 . In Brazil, hypertension in pregnancy is the leading cause of maternal mortality, accounting for nearly 25% of maternal deaths in Brazilian state capitals, followed by hemorrhage 15, 16 . Given the importance of the topic and its considerable impact on maternal and perinatal morbidity and mortality, the present study aimed to assess maternal, laboratory (including serum levels of uric acid), fetal, and neonatal factors associated with hypertension in pregnancy, as well as maternal and perinatal outcomes in hypertensive pregnant women admitted for delivery to Hospital Universitário de Santa Maria (HUSM), Santa Maria, southern Brazil. . For analysis purposes, data for PE alone and superimposed on chronic hypertension were grouped into one category. PE was considered mild in the absence of systemic involvement, and severe in the presence of such involvement, characterized by BP ≥ 160/110 mmHg, HELLP syndrome (thrombocytopenia, i.e., platelet count < 100.000 mm 3 ; altered liver enzymes, i.e., lactate dehydrogenase ≥ 600 international units [IU]/L, glutamic-oxaloacetic transaminase/ glutamic-pyruvic transaminase ≥ 70 UI/L; and/or hemolysis), renal impairment (oliguria, i.e., urinary volume < 500 mL in 24 hours or altered renal function, i.e., creatinine > 1.1 mg/dL), pulmonay edema (dispnea) and/or cerebral edema (altered mental status, headache, blurred vision, blindness, seizures). Laboratory criteria for the diagnosis of HELLP syndrome were those established by Sibai 17 . Uric acid was individually assessed for the association with disease severity (reference normal range < 4.5 mg/dL).
METHODS
Gestational complications assessed in this study were HELLP syndrome, abruptio placentae, and maternal neurological and visual alterations.
Neonatal variables included prematurity, defined as birth at less than 37 weeks of gestational age (GA) as determined by the Capurro method; birth weight, with low birth weight defined as < 2,500 g; 1-and 5-minute Apgar scores, with depressed NB being those with 5-minute Apgar score < 7 and vigorous NBs those with 5-minute Apgar score ≥ 7; neonatal morbidity (admission to the neonatal intensive care unit; length of stay at the NICU); intercurrent diseases; and neonatal mortality rate. To enable the analysis of PE severity, preterm infants were divided into two categories: those born from 34 to 37 weeks' gestation and those born before 34 weeks' gestation. Intercurrent diseases were defined as any neonatal comorbidities occurring during NB's hospitalization.
Data obtained in this study were processed and analyzed using Statistical Package for Social Science (SPSS), version 15.0. Categorical variables were assessed with the chi-square test when assumptions of normality were met. Continuous variables were assessed with the Mann-Whitney test. The level of significance was set at 5%.
RESULTS
Results for this study showed that, of the 162 hypertensive pregnant women admitted for delivery to the institution, 61.1% were diagnosed with PE, 50% of these with PE alone and 11% with PE superimposed on chronic hypertension (Table 1) . In less severe syndromes, there was predominance of gestational hypertension (31.5% of cases), followed by chronic hypertension (7.4% of cases). The prevalence of hypertension in pregnancy during the study period was 8.17% (991 births/year and 81 cases of hypertension/year).
Mean age of participants was 27.3 ± 7.1 years, and the most common age range of patients with hypertension in pregnancy was 19-29 years old. The mean number of pregnancies was 2.5 ± 1.7, and mean number of previous deliveries was 2.2 ± 1.4. Primiparous mothers accounted for 37.7% of study participants, and primiparity was associated with the diagnosis of PE (p = 0.020). Of the 162 pregnant women, three had a twin pregnancy. Thus, the number of conceptuses was 165, totaling 158 live births. There were seven fetal deaths, of which five occurred in pregnant women with PE (71%), and four neonatal deaths, all of which occurred in NBs of mothers with PE.
Cesarean section was the most frequent mode of delivery among hypertensive pregnant women, accounting for 79.6% of deliveries (n = 129). The most common indications for cesarean section were poorly-controlled, decompensated hypertension, repeated cesarean sections, failure of response to labor induction, and compromised fetal well-being. There was no significant association between type of hypertension and mode of delivery. However, when it comes to PE severity, the percentage of parturient women who underwent a cesarean section was 70.5% among those with mild PE and 92.3% among those with severe PE. Conversely, 1-and 5-minute Apgar scores were not associated with any type of hypertension.
A total of 46.2% of hypertensive pregnant women gave birth to preterm infants, 12.0% of which were born before 34 weeks' gestation. With regard to types of hypertension, chronic and gestational hypertension were found to be associated with gestational age ≥ 37 weeks (p = 0.011), accounting for 66.7 and 70% of cases, respectively (Table 2) . Conversely, PE (alone or superimposed on chronic hypertension) was associated with prematurity in 56.2% of cases, 15.6% of which occurred before 34 weeks' gestation. As for PE severity (Table 3) , an association was observed between mild PE and term pregnancy, whereas severe PE was associated with premature births (75.7% of cases), 24.3% of which occurred before 34 weeks' gestation (p = 0.004). There was also a significant association between type of hypertension and birth weight (Table 2) , with birth weight < 2,500 g being associated with PE and birth weight ≥ 2,500 g being associated with gestational hypertension (p = 0.027). In terms of PE severity (Table 3) , severe PE was associated with birth weight < 2,500 g in 59% of cases, and mild PE was associated with birth weight ≥ 2,500 g in 85.5% of cases (p = 0.0001).
The most frequent neonatal complications were respiratory distress syndrome of the newborn, pneumonia, sepsis, and hyaline membrane disease, and most cases presented overlapping intercurrent diseases. An association was found between neonatal complications and type of hypertension (Table 2) and PE severity (Table 3) . A total of 32.3% of NBs born to patients with PE developed complications; conversely, 83.3 and 96% of NBs born to mothers with chronic or gestational hypertension, respectively, did not develop complications (p = 0.001). Table 3 shows that absence of complications was also predominant in mild PE (78%), whereas 45.9% of cases of severe PE were associated with complications (p = 0.014).
A total of 22.2% of neonates born to hypertensive pregnant mothers required hospitalization to the NICU; mean length of stay was 17 days, maximum of 67 days. An association was observed between PE (either alone or superimposed on chronic hypertension) and Perinatal outcome and severity of preeclampsia requirement of admission to the NICU in 33.3% of cases (Table 2) , as well as between chronic and gestational hypertension and no requirement for admission to the NICU in 83.3 and 94%, respectively (p = 0.001).
There was an association between PE severity and admission to the NICU (Table 3 ). Admission to the NICU were significantly associated with severe PE in 48.6% of cases, and no requirement of admission was associated with mild PE in 78% of the cases (p = 0.007). Most cases (87.6%) evolved without maternal complications. The most frequent complications were HELLP syndrome (13 cases), abruptio placentae (4 cases), and eclampsia (1 case). With regard to maternal complications and serum uric acid, it was found that pregnant women who did not develop complications had lower uric acid levels (4.63 ± 1.45 mg/dL) compared with those who developed complications (6.41 ± 2.06 mg/dL), with p = 0.0001. There were no cases of maternal death in the study population.
DISCUSSION
Hypertensive disorders are the most frequent complication in pregnancy. However, the impact of hypertension on maternal, fetal, and neonatal outcomes was associated with disease severity 18, 19 . Nearly 60% of study participants were diagnosed with PE, either alone or superimposed on chronic hypertension. The findings obtained in this study show that mild PE, as well as well-controlled chronic and gestational hypertension, is not associated with neonatal complications and requirement of admission to the NICU.
Although the prognosis of mild PE is favorable, its more severe forms are a major cause of perinatal and maternal morbidity and mortality 19, 20 . In this study, most preterm infants, low birth weight infants, NBs with neonatal complications, and those requiring admission to the NICU were born to mothers with severe PE, and most cases of fetal and neonatal death occurred in patients with PE. Neonatal mortality was high among cases with PE, especially in its severe forms, being even higher after eclampsia 19 . Our study found only one case of eclampsia, which was not associated with neonatal complications.
Pregnant women at risk for PE may be identified by the presence of epidemiological and clinical factors such as age, parity, presence of chronic hypertension, antiphospholipid antibody syndrome, previous PE, gestational diabetes, assisted reproduction, body mass index > 30 kg/m 2 21-23 . With regard to maternal age, the mean age of pregnant women (27.3 years) was similar to that observed in other studies 21, 24, 25 .
When it comes to the association between parity and hypertension in pregnancy, the present study found that 37.7% of participants were primiparous mothers, a percentage lower than that reported in the literature, where nulliparous women accounted for 44% 21 and 55% 25 of hypertensive patients. However, an association was observed between hypertensive primiparous mothers and diagnosis of PE. These findings are consistent with the results of a systematic review conducted by Duckitt & Harrington in 2005, which showed that nulliparous women have a nearly three-fold increased risk for PE 24 . Young age of hypertensive pregnant women and association of PE with first pregnancy highlight the need for universal prenatal care and risk detection, with follow-up of at-risk pregnant women at referral services.
Previous studies show a clear increase in the number of cesarean sections in hypertensive pregnant women, being the mode of delivery of 75,9 to 78,4% births among women with PE 21, 26 . Literature findings are consistent with those of this study, which reported an overall percentage of 79.6% of cesarean sections among hypertensive pregnant women, reaching 70.5% in cases of mild PE and 92.3% in cases of severe PE. Our data reinforce previously described results showing that hypertensive syndromes led to an up to 3.4-fold increase in the number of cesarean sections 27 . In our sample, this was more remarkable in cases of severe PE, when maternal or fetal conditions, often unfavorable, may not allow for induction of vaginal delivery.
As for neonatal findings, nearly 25% of hypertensive pregnant women assessed in this study gave birth to low birth weight infants, which demonstrates the negative consequences of hypertensive syndrome in pregnancy. The percentage of low birth weight was significantly different between the groups, being significantly higher in patients with PE (30.9%), and severe PE was associated with birth weight < 2,500 g (59%). These findings were similar to those of Langenveld et al., who described that PE was associated with small for GA infants 28 , and of Yücesoy et al., who found an association between low birth weight and severe PE 29 . Abnormal placentation is the cause of PE 30 and insufficient placental functioning leads to intrauterine growth restriction, whose presence worsens neonatal prognosis, increasing the likelihood of preterm labor and death related to birth weight 31, 32 . In the present study, hypertensive pregnant women diagnosed with PE accounted for most preterm deliveries, with prematurity rates reaching 75.7% among severe PE cases. The high frequency of preterm infants among these cases may be explained by the fact that pregnancy interruption is the only effective Perinatal outcome and severity of preeclampsia intravascular coagulation (DIC), multiple organ failure, and death, were not observed. Conversely, the strength of this study is its prospective prospective design that included all hypertensive pregnant women who gave birth at HUSM during the study period. Furthermore, infants were followed up during the entire neonatal period, which allowed for the analysis of outcome of each case.
The main conclusion of the present study is that PE, especially in its severe form, increase the risk for adverse perinatal and neonatal outcomes, leading to a significant number of neonates admitted to the NICU and to high neonatal mortality. Hence, management of hypertensive in pregnancy should include practices that promote actions focused on prevention and early diagnosis of preeclampsia and appropriate intervention in severe cases, thus minimizing maternal complications and harm to conceptuses and neonates.
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The authors declare no conflicts of interest. treatment for PE, resulting in a shorter duration of pregnancy 33 . These findings point to the high rate of perinatal complications resulting from prematurity and the strong association between PE and prematurity. This may explain the high rates of admissions to the NICU in our sample, since one third of NBs of pregnant women with PE and a half of NBs of pregnant women with severe PE required intensive care.
Also worthy of note is the high neonatal mortality observed in the present study. Brazil has a mortality rate of 10.6 neonatal deaths by 1,000 live births 34 . A comparative analysis found a mortality rate of 24 neonatal deaths per 1,000 live births, showing a high neonatal mortality rate due to hypertension in pregnancy.
In our study population, there were few cases of maternal complications and no cases of maternal death. HELLP syndrome occurred in 8% of cases, which is consistent with the literature reporting an incidence of 2 to 12% 35 . The study duration of 1 year may be considered a weakness of this research, because less frequent maternal complications, such as disseminated
